Purpose: Exposure of the articular surface is the key to the successful treatment of intra-articular fractures of distal humerus. Anterior, posterior olecranon osteotomy as well as medial and lateral approaches are the four main approaches to the elbow. The aim of this study was to compare the exposure of distal articular surfaces of these surgical approaches. Methods: Twelve cadavers were used in this study. Each approach was performed on six elbows according to previously published procedures. After completion of each approach, the exposed articular surfaces were marked by inserting 0.5 mm K-wires along the margins. The elbow was then disarticulated and the exposed articular surfaces were painted. The distal humeral articular surfaces were then closely wrapped using a piece of fibre-glass screen net with meshes. The exposed articular surfaces and the total articular surfaces were calculated by counting the number of meshes, respectively. Results: The average percentages of the exposed articular surfaces for the anterior, posterior olecranon osteotomy, medial and lateral approaches were 45.7% ± 2.0%, 53.9% ± 7.1%, 20.6% ± 4.9% and 28.5% ± 6.3%, respectively. Conclusion: The anterior and posterior approaches provide greater exposures of distal humeral articular surface than the medial and lateral ones in the treatment of distal humeral fractures.
Introduction
Fractures of the distal humerus are common injuries, constituting 30% of all elbow fractures. 1, 2 Up to 96% of these injuries are intra-articular fractures, which can be classified as AO type C fractures. 3 Various challenges, including the complex anatomy, the limited surgical exposure, the comminuted articular surface and the osteoporotic bone stock, bring tremendous difficulties to the management of distal humeral fractures. 4 Anatomical reduction of the joint surface is regarded the key to achieving secure fixation and satisfactory outcome. 5, 6 A larger exposure of the joint surface is the premise to the joint surface anatomical reduction, so it is very important to choose a surgical approach that can better expose the joint surface with less trauma.
Many approaches are at the surgeons' disposal for exposure of the distal humerus. These mainly include the anterior, posterior olecranon osteotomy, medial and lateral approaches. Though posterior approach has three modes, olecranon osteotomy could provide the largest articular surface exposure and commonly used in complex elbow injuries 7 and thus discussed in this study. In recent years the anterior, medial and lateral approaches were modified and reported increasingly. However, few comparative studies have been performed to investigate which approach can provide better exposure of the distal humeral articular surface, which is critical in the treatment of comminuted distal humeral fractures. The aim of this study was to compare the exposed areas of the distal humeral articular surface via the anterior, posterior olecranon osteotomy, medial and lateral approaches. We hypothesized that the anterior and posterior olecranon osteotomy approaches can provide larger distal humeral articular exposures compared to the medial and lateral approaches.
Methods
This study was approved by the Ethics Committee of the authors' institution. Twelve adult (7 male) fresh-frozen cadavers with a mean age of 55.4 (range, 37e76) years were used in the study. Twenty-four arms were dissected from the shoulder. All specimens were eliminated deformity, trauma and significant joint degeneration. Each elbow was assigned to one surgical approach using a stratified block randomization so that each pair of elbows underwent different approaches and each approach was performed on 6 elbows. Each elbow was exposed by two senior orthopaedic surgeons (Wu ZD and Wang JD), using the following four approaches.
The anterior approach
The specimens were installed in dorsal position, and the elbows in extention. A curved incision was made transversely along the anterior aspect of the elbow joint. It was below slightly the elbow flexion crease. The skin and subcutaneous tissue were reflected, followed by the Henry's and Reichel's elbow surgical approaches. 8, 9 Firstly, between the brachioradialis and the biceps muscle, follow the border of the biceps distally, the brachioradialis and the radial nerve were retracted laterally and the biceps medially. A longitudinal incision was made on the brachialis and the anterior capsule of the elbow joint to expose the articular surface. Then along the medial border of the distal biceps, between the biceps and the medial brachial neurovascular bundle, the brachialis and the anterior capsule of the elbow were incised. The medial trochlea and the coronoid process were exposed. The position of the elbow and the windows of soft tissue were changed properly to expose the articular surface ultimately and the exposed articular surface was marked by drilling holes along the margin of the exposed articular surfaces with a 0.5 mm K-wire. The K-wires indicated an accessible surgical area which guaranteed sufficient screw insertions (Fig. 1 ).
The posterior olecranon osteotomy approach
The specimens were installed in ventral position, and the elbows in extention. A 10 cm posterior skin incision was made on the elbow (5 cm above the top of the olecranon and 5 cm below it). The skin and subcutaneous tissue were reflected and the olecranon osteotomy was made transversely approximately 2 cm from its tip. 10 The elbows were then bent maximally and the exposed humeral articular surfaces were marked by drilling holes along the margin with a 0.5 mm K-wire as above.
The medial approach
A medial incision was made over the tip of the medial epicondyle from 5 cm distal to the joint to about 5 cm proximal to it. The ulnar nerve was isolated and reflected posteriorly. All the soft tissues were dissected from the medial epicondyle and reflected anteriorly and distally. The capsule was incised and the elbow joint was subluxated to expose the distal humeral articular surfaces which were marked as above. 10 The lateral approach
The skin incision was begun approximately 5 cm proximal to the lateral epicondyle of the humerus and was extended distally to the epicondyle for about 10 cm. The origins of the extensor carpi radialis and brachioradialis were separated and reflected anteriorly. The triceps and the common origin of the extensor muscles posteriorly and distally. The capsule was incised and the elbow joint subluxation was made to expose the lateral aspect of the elbow joint. The exposed articular surfaces of the humerus were marked as above. 10 Following disarticulating the elbow joint and removing all the soft tissue attachments of each sample, the marked exposed articular surfaces of the four groups were painted with dye (Shanghai SIIC Marie Painting Materials Co., Ltd, China) (Fig. 2) . Each distal humeral articular surface was then wrapped with a piece of fibre-glass screen net (9 cm Â 10 cm) with meshes (standard mesh: 12 Â 12 mesh, mesh size: about 1.70 mm produced by Shanghai Iron Wire Netting Works, China). The net was closely applied to the dissected articular surface. The number of meshes covering the painted articular surface and the number of meshes covering the total humeral articular surface were counted, respectively. The meshes at the margin of the exposed area which were partially covered were counted as 0.5.
Statistical analysis
Statistical analysis of the data was performed with SPSS statistical software version 13.0. The percentages of the exposed articular surfaces were analysed using one-way ANOVA method. The results were considered to be significant at p < 0.05.
Results
The mean percentages of the exposed distal humeral articular surface for the anterior, posterior olecranon osteotomy, medial and lateral approaches were 45.7% ± 2.0%, 53.9% ± 7.1%, 20.6% ± 4.9% and 28.5% ± 6.3%, respectively (Fig. 3) . Significant fluctuations among different cadaver arms were found in the exposed distal humeral articular surfaces for the medial, lateral and posterior approaches. Posterior olecranon osteotomy approach provided significantly greater percentage of exposed articular surface compared to the other three approaches, and the medial one showed significantly lower percentage.
Exposure of the distal humeral articular surface was better achieved with the posterior olecranon osteotomy and the anterior approach.
Discussion
It is critically important to achieve anatomical reduction in intra-articular fractures. Sufficient surgical exposure facilitates the procedure. The main surgical approaches to the elbow are anterior, posterior, medial and lateral ones. Choosing the approach for a specific distal humeral fracture currently depends more on the surgeon's own experience and favour. However, few comparative studies have been performed to investigate which surgical approach can better expose the distal humeral articular surface. Thus, the current investigation was performed to quantify the exposure areas of the articular surface among different approaches.
In order to make the results authoritative and comparable, we referred to the classical Campbell's Operative Orthopaedics and the posterior, medial and lateral skin incision were all 10 cm long. Among the 4 approaches used, we found that the posterior olecranon osteotomy approach provided the greatest exposure of the distal humeral articular surface. However, a rate of 30% of nonunion of the osteotomy is a common complication of this approach, 11, 12 along with a palpable implant and prolonged surgical time, which also limited its application. Because the distal humeral articular surfaces are mainly anterior structures (about 30 anteversion), The anterior approach to the elbow joint is commonly believed to provide the greatest direct access for anterior to posterior screw fixation under direct visualization, but a paucity of literature exists to advocate this point. 8, 9, 16, 17 We combined Henry's and Reichel's descriptions of anterior elbow surgical approaches. 8, 9 We found that the anterior approach which passed through the interval between the brachioradialis and the biceps or the biceps and the medial brachial neurovascular bundle did not need to cut the medial or lateral ligaments or osteotomize the olecranon, which could provide about 45.7% ± 2.0% articular exposure. The anterior approach might be an appropriate option for distal humeral fractures, especially for the distal humeral coronal plane fractures, when it allowed relatively larger surgical exposure to the fracture site, as well as minimum invasion of soft tissue dissection. Although the posterior olecranon osteotomy approach and anterior approach provided better exposure of the posterior and anterior distal humeral articular surface, they still left more than 40% of the distal humeral articular surface unvisualized. The other approaches provided even poorer exposure to the trochlear articular surface. In order to get access to more intra-articular fragments, maybe these approaches should be combined properly to address complex intra-articular fractures of the elbow, especially the combination of anterior approach and lateral or medial approach.
The geometry of the distal end of the humerus is complex and, therefore, it is not easy to measure the articular surfaces. The results of articular surface exposed by olecranon osteotomy approach are similar to theirs. All of these can further prove that this method is reproducible and effective. Furthermore, we used a modification of this technique. The net we used contains square meshes with the side length about 1.7 mm, which made the articular surfaces count by the net more accurate. This study has several limitations. The fibre-glass screen net could not be completely attached to the articular surface of the distal humerus because of its physical characteristics, which might lead to a certain degree of error in counting the meshes. However, the percentage of the exposed articular surface we persued, other than the absolute number of the meshes, might reduce this error. Furthermore, although the sample size of this study had reached sufficient statistical power, investigations of larger sample sizes are required in future.
In conclusion, the anterior and posterior approaches provided greater exposures of distal humeral articular surface than the medial and lateral ones.
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